(19) 



J 



Europaisches Patentarrrt 
European Patent Office 
Office europeen des brevets 



(12) 



(43) Date of publication: 

29.03.2000 Bulletin 2000/13 

(21) Application number: 99118476.3 

(22) Date of filing: 17.09.1999 



(11) EP 0 989 605 A2 

EUROPEAN PATENT APPLICATION 

(51) IntCI. 7 : H01L 23/06, H01L 21/48 



(84) Designated Contracting States: 

AT BE CH CY DE DK ES R FR GB GR IE IT LI LU 
MCNLPTSE 

Designated Extension States: 
ALLTLVMKRO SI 

(30) Priority: 24.09.1998 J P 26886398 
02.08.1999 JP 21831099 

(71) Applicant: 

SUMITOMO SPECIAL METALS COMPANY 
LIMITED 

Osaka-shi, Osaka 541-0041 (JP) 



(72) Inventors: 

• Funamoto, Kenichi, 
c/o Suita Works 

Suita-shi, Osaka 564-0043 (JP) 

• Noda, Hidetoshi, 
c/o Suita Works 

Suita-shi, Osaka 564-0043 (JP) 

• Ishio, Masaaki, 
c/o Suita Works 

Suita-shi, Osaka 564-0043 (JP) 

(74) Representative: 

Hering, Hartmut, Dipl.-lng. 
Patentanwatte 
Berendt, Leyh & Hering 
Innere Wiener Strasse 20 
81667 Munchen(PE) 



CSJ 
< 

LO 
O 
CD 

O) 
CO 

o> 
o 

CL 
LU 



(54) Package for electronic component, lid material for package lid, and production method for 
lid material 



(57) A lid material (1) is provided which comprises: 
a core layer (2) composed of an Fe-Ni alloy or an Fe-Ni- 
Co alloy; a nickel-based (Ni-based) metal layer (3) 
press- and diffusion -bonded onto the core layer (2) and 
composed of a Ni-based metal, such as pure Ni, mainly 
comprising Ni; and a brazing material layer (5) press- 
bonded onto the Ni-based metal layer (3). The Ni-based 
metal layer (3) has a maximum-to-minimum thickness 
ratio T1/T2 of 1 .4 to 15. The lid material (1) is produced 
by press-bonding a Ni-based metal foil onto a core 
sheet for formation of the Ni-based metal layer on the 
core layer, then diffusion-annealing the Ni-based metal 
layer and the core layer, and press-bonding a brazing 
material foil onto the Ni-based metal layer with a reduc- 
tion ratio of 30 to 65%. 



FIG. 3 
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Description 

[0001] The present invention relates to a package for housing an electronic component. The invention also relates to 
a lid material for a package lid and to a production method for the lid material. 

[0002] Packages for housing various electronic components such as semiconductor devices (ICs) and piezoelectric 
vibrators generally comprise a case having an open top and a housing space for the electronic components, and a lid 
fuse-bonded to a peripheral upper surface of the case lor hermetically sealing the housing space. 
[0003] The lid comprises a core plate such as formed of an iron-nickel (Fe-Ni) alloy, nickel (Ni) layers formed on oppo- 
site surfaces of the core plate, and a brazing material layer formed on one of the Ni layers by press-bonding a brazing 
material foil onto the Ni layer. The formation of the Ni layers is conventionally achieved by plating the core plate with Ni. 
[0004] The package is assembled by placing the lid on the top of the case with the brazing material layer of the lid 
facing the open top of the case, and heating the lid to melt the brazing material layer so that the lid is fuse-bonded to 
the peripheral upper surface of the case. Exemplary methods for the heating of the lid are to hold a heating device in 
contact with the lid, to heat a case-and-lid assembly in a hot oven, and to irradiate the lid with an electron beam or a 
laser beam. 

[0005] Since the Ni layer of the lid is formed by the Ni plating, formation of pin holes in the Ni layer and contamination 
with an impurity such as an additive contained in a plating solution are inevitable. The pin holes present in the Ni layer 
are not completely crushed when press-bonding the brazing material foil onto the Ni layer, so that micro-holes remain 
in the Ni layer. The impurity present in the Ni layer reduces the ductility of Ni, so that micro-cracks are liable to develop 
in the Ni layer during the press-bonding of the brazing material foil. 

[0006] The presence of the micro-holes and the micro-cracks in the Ni layer tends to result in non-uniform fuse-bond- 
ing of the lid to the case. If a non-uniform fuse-bonded portion is formed, the portion permits communication between 
the inside and outside of the case. Further, the micro-holes and the micro-cracks present in the Ni layer of the lid facing 
the opening of the case permit easy communication between the inside and outside of the case. This reduces the her- 
meticity of the package in which the electronic components are housed. With a recent rapid increase in precision and 
complexity of electronic components, packages for the electronic components are required to have a higher hermeticrty. 
[0007] It is an object of the present invention to provide a lid material and a production method therefor which can 
impart a higher hermeticity to a package for an electronic component, and to provide an electronic component package 
which features a higher hermeticity. 

[0008] The lid material production method according to the present invention comprises the steps of: press-bonding 
a foil of a nickel-based (Ni-based) metal mainly comprising Ni onto a core sheet for formation of an Ni-based metal layer 
on a core layer ; diffusion-annealing the core layer and the Ni-based metal layer for diffusion-bonding the Ni-based metal 
layer onto the core layer; and press-bonding a brazing material foil onto the Ni-based metal layer with a reduction ratio 
of 30 to 65% for formation of a brazing material layer on the Ni-based metal layer after the diffusion-annealing step. 
[0009] In the production method according to the invention, the formation of the Ni-based metal layer is achieved by 
press-bonding the Ni-based metal foil onto the core sheet, so that the Ni-based metal layer is free from formation of pin 
holes and contamination with an impurity during the formation of the Ni-based metal layer. Therefore, neither micro-hole 
nor micro-crack is formed in the Ni-based metal layer. In addition, the diffusion-bonding of the Ni-based metal layer onto 
the core layer ensures satisfactory adhesion therebetween. Further, the press-bondability between the Ni-based metal 
layer and the brazing material layer is good enough to ensure satisfactory adhesion therebetween when the brazing 
material layer is fused. Therefore, an electronic component package having a higher hermeticrty can be provided by 
employing a lid formed of the lid material. 

[001 0] In the production method according to the present invention, the core sheet to be used in the Ni-based metal 
foil press -bonding step is preferably composed of an iron-nickel -based (Fe-Ni -based) alloy mainly comprising Fe and 
Ni. Where the core sheet of the Fe-Ni-based alloy is used, the diffusion-annealing step is preferably performed at an 
annealing temperature of not lower than 800°C for an annealing period of not shorter than two minutes or at an anneal- 
ing temperature of not lower than 900°C for an annealing period of not shorter than one minute. The brazing material 
foil to be used in the brazing material foil press-bonding step is preferably composed of a soft brazing material having 
a melting point of not higher than 450°C and, more preferably, free from lead (Pb). 

[001 1] The lid material according to the present invention comprises: a core layer; an Ni-based metal layer press- and 
diffusion-bonded onto the core layer and composed of an Ni-based metal mainly comprising Ni; and a brazing material 
layer press-bonded onto the Ni-based metal layer; wherein the Ni-based metal layer has a maximum-to-minimum thick- 
ness ratio T1/T2 of 1 .4 to 15. 

[0012] The Ni-based metal layer of the lid material according to the present invention is free from micro-holes and 
micro-cracks. Since the Ni-based metal layer is diffusion-bonded onto the core layer, satisfactory adhesion therebe- 
tween is ensured. Further, the press-bondability between the Ni-based metal layer and the brazing material layer is 
good enough to ensure satisfactory adhesion therebetween when the brazing material layer is fused. Therefore, an 
electronic component package having an excellent hermeticity can be provided by employing a lid formed of the lid 
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material. 

[001 3] The core layer of the lid material according to the present invention is preferably composed of an Fe-Ni-based 
alloy mainly comprising Fe and Ni. The brazing material layer is preferably composed of a soft brazing material having 
a melting point of not higher than 450°C and, more preferably, free from Pb. 

f [0014] The electronic component package according to the present invention comprises: a case having an open top 
and a housing space for an electronic component; and a lid provided on the top of the case. The lid comprises: a core 
layer: an Ni-based metal layer press- and diffusion-bonded onto the core layer and composed of an Ni-based metal 
mainly comprising Ni; and a brazing material layer press-bonded onto the Ni-based metal layer, wherein the Ni-based 
metal layer has a maximum-to-minimum thickness ratio T1/T2 of 1.4 to 15, wherein the brazing material layer is fuse- 

w bonded to a peripheral upper surface of the case. 

[0015] In accordance with the present invention, the lid has substantially the same construction as the lid material of 
the present invention described above. Therefore, the package obtained by fuse-bonding the lid to the case has a 
higher hermeticity, thereby extending the service life of the electronic component housed therein. In the present inven- 
tion, the core layer is preferably composed of an Fe-Ni-based alloy mainly comprising Fe and Ni. Further, the brazing 

75 material layer is composed of a soft brazing material having a melting point of not higher than 450°C and, more prefer- 
ably, free from Pb. 

[001 6] The foregoing and other objects, features and effects of the present invention will become more apparent from 
the following description of the preferred embodiments with reference to the attached drawings, in which: 

20 Fig. 1 is a partial sectional view illustrating the basic construction of a lid material to be produced through a lid mate- 
rial production method according to an embodiment of the present invention; 

Fig. 2 is a schematic diagram illustrating a lid material production apparatus to be employed for a production 
method according to the present invention; 

Fig. 3 is a partial enlarged sectional view illustrating a lid material according to another embodiment of the present 
25 invention; and 

Fig. 4 is a sectional view illustrating the basic construction of an electronic component package according to further 
another embodiment of the present invention. 

[001 7] With reference to Fig. 1 , an explanation will first be given to the basic construction of a lid material to be pro- 
30 duced through a lid material production method according to one embodiment of the present invention. The lid material 
1 comprises a core layer 2, nickel-based (Ni-based) metal layers 3, 4 formed on upper and lower surfaces of the core 
layer 2, and a brazing material layer 5 formed on one (an upper one in Fig. 1) 3 of the Ni-based metal layers. Typically, 
the core layer 2 has a thickness of about 80 to 1,000 urn, and the Ni-based metal layers 3, 4 each have a thickness of 
about 5 to 50 \im. Further, the brazing material layer 5 has a thickness of about 10 to 200 urn. The Ni-based metal layer 
25 4 formed on the lower surface of the core layer 2 imparts the lower surface with an improved corrosion resistance. The 
provision of the Ni-based metal layer 4 is optional, and is not necessarily required. 

[0018] Next, the lid material production method according to the present invention will be described on the basis of a 
method of producing the lid material 1 having the aforesaid basic construction. The lid material 1 is produced through 
the steps of: press-bonding foils of a nickel-based (Ni-based) metal mainly comprising Ni on upper and lower surfaces 
to of a core sheet for formation of the Ni-based metal layers on the opposite surfaces of the core layer; diffusion-annealing 
the core layer and the Ni-based metal layers for diffusion-bonding the Ni-based metal layers onto the core layer; and 
press-bonding a brazing material foil onto one of the Ni-based metal layers for formation ol the brazing material layer 
on the Ni-based metal layer. For convenience of explanation, the brazing material foil is herein press-bonded onto the 
upper Ni-based metal layer. 

45 [0019] A material for the core sheet to be used in the Ni-based metal foil press-bonding step is preferably an iron- 
nickel-based (Fe-Ni-based) alloy which mainly comprises Fe and Ni and has an excellent bondability to the Ni-based 
metal and a low thermal expansion coefficient. The Fe-Ni-based metal preferably comprises not lower than 20wt% Ni 
and not lower than 50wt% Fe. As required, the Fe-Ni-based metal may further comprise a suitable quantity of an ele- 
ment, such as not higher than 20wt% of cobalt (Co), which is capable of providing a solid solution with Fe and Ni to 

so reduce the thermal expansion coefficient without deteriorating the bondability to the Ni-based metal. Exemplary Fe-Ni- 
based alloys which have a thermal expansion coefficient equivalent to that of a ceramic material often used as a prin- 
cipal material for a case for housing an electronic component are an Fe-Ni-Co alloy comprising 20 to 30wt% Ni. 1 to 
20wt% Co and the balance Fe, and an Ni-Fe alloy comprising 36 to 50wt% Ni and the balance Fe. 
[0020] Examples of the Ni-based metal for the Ni-based metal foil include pure Ni and Ni-Cu alloys comprising not 

55 lower than 50wt% Ni. The Ni-based metal has an excellent press-bondability to the Fe-Ni-based alloy as the preferable 
material for the core sheet and to the brazing material foil, and is highly resistant to corrosion. The Ni-based metal has 
an excellent wettability with a molten brazing material, thereby ensuring satisfactory adhesion to the brazing material. 
More specifically, when a lid formed of the lid material 1 is fuse-bonded to a peripheral upper surface of a case in which 
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an electronic component is housed, the brazing material layer is melted so that the brazing material uniformly spreads 
over the surface of the Ni-based metal layer 3. The brazing material, after solidification, gas-tightly adheres onto the Ni- 
based metal layer 3. 

[0021 ] In the Ni-based metal foil press-bonding step, a reduction ratio is prelerably about 40 to 80% based on the total 
5 thickness of a stack of the core sheet and the Ni-based metal foils. The reduction ratio is herein defined as a thickness 
reduction ratio for a single press operation, and expressed by the following equation: 

Reduction Ratio (%) = (hi - h2)/h1 x 100 

ic wherein hi is the thickness of the stack before the press operation and h2 is the thickness of the stack after the press 
operation. 

[0022] In the diffusion-annealing step, the Ni-based metal layers are bonded to the core layer in their junction inter- 
faces on the atom level through the diffusion-annealing, so that the adhesion therebetween and the gas-tightness of the 
junction interfaces can be improved. Further, the diffusion-annealing reduces or eliminates a working strain caused in 

i5 the Ni-based metal layers in the Ni-based metal foil press-bonding step, thereby improving the ductility of the Ni-based 
metal layers. Therefore, variations in the thickness of the Ni-based metal layer 3 can be suppressed which may occur 
when the soft brazing material foil is press-bond e. J onto the hard Ni-based metal layer 3 in the brazing material foil 
press-bonding step. This prevents the Ni-based metal layer 3 from being locally formed with thinner portions, in which 
micro-cracks are liable to develop. 

2c [0023] In the diffusion-annealing step, the annealing is carried out at an annealing temperature of not lower than 
800°C for an annealing period of not shorter than two minutes, preferably not shorter than four minutes, or at an anneal- 
ing temperature of not lower than 900°C for an annealing period of not shorter than one minute, preferably not shorter 
than three minutes. Under such annealing conditions, the Ni-based metal layer can assuredly be diffusion-bonded onto 
the core layer of the Fe-Ni-based alloy in a shorter time. The upper limit of the annealing temperature may be lower than 

25 the lower one of the melting points of the core sheet material and the Ni-based metal, and is preferably not higher than 
1 ,1 50°C. The upper limit of the annealing period is not particularly defined, but may be not longer than ten minutes, pref- 
erably not longer than five minutes, in consideration of the production efficiency. 

[0024] In the brazing material foil press-bonding step, the brazing material foil is press-bonded onto the upper Ni- 
based metal layer formed on the core layer with a reduction ratio of 30 to 65%. The reduction ratio is based on the total 

so thickness of a stack of the core layer, the Ni-bar.ed metal layers and the brazing material foil. The Ni-based metal layers 
are softened through the diffusion-annealing. Therefore, even rf the soft and highly ductile brazing material foil is press- 
bonded onto the Ni-based metal layer, the Ni-based metal layer is less liable to experience thickness variations, so that 
development of micro-cracks in a minimum thickness portion of the Ni-based metal layer can be prevented. If the reduc- 
tion ratio is lower than 30%, the bondability of the brazing material foil to the Ni-based metal layer is remarkably deteri- 

35 orated. On the other hand, if the reduction ratio is higher than 65%, the variations in the thickness of the Ni-based metal 
layer are increased even though the Ni-based metal layer is softened during the diffusion-annealing. Hence, there is a 
possibility that micro-cracks may develop in a thinner portion of the Ni-based metal layer. In addition, lubrication 
between the brazing material foil and a press tool such as a press roll becomes insufficient during the press operation, 
thereby damaging the surface of the press tool (e.g., causing the brazing material to stick on the press tool) and rough- 

*o enmg the surface of the brazing material layer. With a remarkably roughened surface, the brazing material layer has a 
poor fuse-bondability. Therefore, the reduction ratio is preferably 30 to 65%, more preferably 40 to 60%, particularly 
preferably 45 to 55%. The reduction ratio in the brazing material foil press-bonding step means a reduction ratio to be 
employed in the first press operation for the press-bonding of the brazing material foil onto the Ni-based metal layer, and 
reduction ratios for the second and subsequent press operations may properly be determined depending on a thickness 

45 requirement for the lid material. 

[0025] Usable as the brazing material for the brazing material foil are soft brazing materials (solder materials) and 
hard brazing materials, but it is preferred to use a soft brazing material which has a melting point of not higher than 
450°C, preferably not higher than 350°C, more preferably not higher than 300°C. The soft brazing material can be 
melted at a lower heating temperature when a lid of a predetermined size formed of the lid material 1 is fuse-bonded 

so onto the peripheral upper surface of the case in which the electronic component is housed. Therefore, thermal effects 
on the electronic component housed in the case can be suppressed. 

[0026] Examples of the soft brazing material include Sn-Ag alloys, Bi-Ag alloys, In-Ag alloys, Zn-Ag alloys, Sn-Au 
alloys. Pb-Sn alloys. Pb-Sn- Ag alloys and Pb-Sn-Ag-ln alloys, among which the Pb-free alloys are preferred for preven- 
tion of environmental pollution. Among these soft brazing materials, eutectic alloys are also preferred because phase 
55 transition from solid to liquid and vice versa quickly occurs at their eutectic points. Specific examples of the eutectic 
alloys as the soft brazing materials include an Sn-Ag alloy (eutectic point: 221°C) comprising 3.5wt% Ag and the bal- 
ance Sn, a Bi-Ag alloy (eutectic point: 262°C) comprising 2wt% Ag and the balance Bi, an In-Ag alloy (eutectic point: 
156°C) comprising 2wt% Ag and the balance In, and a Pb-Sn-Ag alloy (eutectic point: 296°C) comprising 62wt% Sn, 
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2wt% Ag and the balance Pb. 

[0027] With reference to Fig. 2, there will be described a lid material production apparatus which is to be employed 
for the production of the lid material 1 . The apparatus comprises: Ni-based metal foil press-bonding means 31 having 
a pair of press rolls 30, 30 for press-bonding Ni-based metal foils 3A, 4A onto opposite surfaces of a core sheet 2A 

f reeled out of a coil while passing a stack of the core sheet 2A and the Ni-based metal foils 3A, 4A therebetween; an 
annealing oven 32 for diffusion-annealing the resulting laminate 10 of the core layer and the Ni-based metal layers 
press-bonded onto the core layer by the Ni-based metal foil press-bonding means 31 ; and brazing material foil press- 
bonding means 34 having a pair of press rolls 33. 33 for press-bonding a brazing material foil 5A onto an upper one of 
the Ni-based metal layers of the laminate 10 subjected to the diffusion-annealing while passing a stack of the brazing 

w material foil 5A and the laminate 10 therebetween. The core sheet 2 A, the Ni-based metal foils 3A, 4A, the brazing 
material foil 5A and the laminate 10 are each passed through surface activation means 36 having a pair of brush rolls 
35, 35 before being supplied into the Ni-based metal foil press-bonding means 31 or the brazing material foil press- 
bonding means 34, so that dust and surface oxide films are removed therefrom for activation of mating surfaces thereof. 
[0028] The brazing material foil 5A is press-bonded onto the laminate 10 by the brazing material foil press-bonding 

is means 34 for formation of the brazing material layer 5, and the resulting lid material 1 is wound up by a take-up device 
37. The lid material 1 in a coil form is, as required, reeled off and cut into a predetermined size for use as a lid for an 
electronic component package. Where the Ni-based metal layer 3 is to be formed only on the upper surface of the core 
layer 2, the Ni-based metal foil 4A to be supplied to the lower side of the core sheet 2A is unnecessary. 
[0029] As described above, the reduction ratio at the first press operation in the brazing material foil press-bonding 

20 step influences the bondability of the brazing material foil to the Ni-based metal layer, the thickness variations of the Ni- 
based metal layer, the development of micro-cracks in the minimum thickness portion of the Ni-based metal layer, and 
the surface state of the brazing material layer. As a result of careful observation of the thickness variations of the Ni- 
based metal layer of the lid 1 produced in accordance with the aforesaid production method, the inventors of the present 
invention have found a fact that the bondability between the brazing material layer 5 and the Ni-based metal layer 3, the 

25 integrity of the Ni-based metal layer 3 and the surface state of the brazing material layer 5 can be improved where the 
Ni-based metal layer 3 on which the brazing material layer 5 is formed has a given ratio T1/T2 of the maximum thickness 
Tl to the minimum thickness T2 thereof (maximum-to-minimum thickness ratio T1/T2) as shown in Fig. 3. 
[0030] In accordance with another embodiment of the present invention on the basis of the aforesaid fact, a lid mate- 
rial 1 comprises: a core layer 2: Ni-based metal layers 3, 4 press- and diffusion-bonded onto the core layer 2; and a 

30 brazing material layer 5 press-bonded onto an upper one 3 of the Ni-based metal layers, wherein the Ni-based metal 
layer 3 has a maximum-to-minimum thickness ratio T1/T2 of 1.4 to 15. 

[0031] Since the formation of the Ni-based metal layers 3, 4 of the lid material 1 is achieved by press- and diffusion- 
bonding Ni-based metal foils onto the core layer 2, the Ni-based metal layers are free from micro-holes and micro- 
cracks which may otherwise occur when the Ni-based metal layers are formed by plating. Further, the diffusion-bonding 

35 between the core layer 2 and the Ni-based metal layers 3, 4 ensures satisfactory adhesion therebetween. Since the Ni- 
based metal layer 3 has a maximum-to-minimum thickness ratio T1/T2 of 1.4 to 15, an excellent press-bondability 
between the Ni-based metal layer 3 and the brazing material layer 5 can be ensured. Even rf the Ni-based metal layer 
3 is relatively thin, the development of micro-cracks in the Ni-based metal layer can be prevented in the press-bonding 
of the brazing material foil. With a ratio T1/T2 of lower than 1 .4, the bondability between the Ni-based metal layer 3 and 

<o the brazing material layer 5 is deteriorated, so that the brazing material layer is liable to be peeled off. With a ratio T1/T2 
of greater than 15. on the other hand, the Ni-based metal layer 3 may suffer from the development of micro-cracks in its 
minimum thickness portion if the layer 3 is relatively thin. In addition, the surface of a press tool may be damaged during 
a press operation, and the brazing material layer 5 may have a rough surface. Therefore, the Ni-based metal layer 3 
preferably has a maximum-to-minimum ratio T1/T2 of 1 .4 to 1 5, more preferably 2.0 to 1 0. 

45 [0032] In this embodiment, the core layer 2 of the lid material 1 is preferably composed of an Fe- Ni-based alloy mainly 
comprising Fe and Ni as previously described. Further, the brazing material layer 5 is preferably composed of a soft 
brazing material having a melting point of not higher than 450°C, and more preferably composed of a Pb-free soft braz- 
ing material. 

[0033] With reference to Fig. 4, an explanation will be given to an electronic component package having a lid 21 pro- 
se duced by cutting the lid material 1 into a predetermined size in accordance with further another embodiment of the 
present invention. Since the lid 21 comprises the same components as the lid material 1, the like components are 
denoted by the like reference numerals in Fig. 4, and no explanation will be given thereto. 

[0034] The package 51 comprises: a case 60 including a case body 54 having a housing space 52 for an electronic 
component 70 and an open top 53 communicating with the housing space 52. and a fusion-bond promotion layer 56 
55 provided on a peripheral upper surface of the case body 54 for permitting easy fusion-bonding between the upper sur- 
face and a brazing material; and a lid 21 provided on the top of the case 60. wherein the brazing material layer 5 of the 
lid 21 is fusion-bonded to the upper surface of the fusion-bond promotion layer 56. 

[0035] In this embodiment, the case body 54 is composed of a ceramic material having a small thermal expansion 
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coefficient. Therefore, the lid material 2 for the lid 21 is preferably composed of an Fe-Ni alloy or an Fe-Ni-Co alloy which 
has a thermal expansion coefficient equivalent to that of the ceramic material for the case body 54. The fusion-bond 
promotion layer 56 includes a metallization layer of a high melting point metal such as tungsten (W) or molybdenum 
(Mo) which has been sintered integrally with the case body 54, and a precious metal layer provided on the metallization 

5 layer and composed of a precious metal such as gold (Au). For improvement of the bondability between the metalliza- 
tion layer and the precious metal layer, an Ni layer may be provided therebetween. The case body may be provided as 
a sintered body of a high melting point metal. In this case, the provision of the metallization layer may be obviated. 
[0036] Since the lid 21 of the electronic component package 51 has substantially the same construction as the lid 
material 1 described above, the adhesion between the core layer 2 and the Ni-based metal layers 3, 4 and between the 

10 Ni-based metal layer 3 and the brazing material layer 5 is satisfactory, and the Ni-based metal layer 3 is free from micro- 
holes and micro-cracks. Therefore, the package 51 has an excellent hermeticrty, so that the service life of the electronic 
component housed in the package 51 can be extended. 

[0037] The present invention will hereinafter be described in greater detail by way of examples thereof. It should be 
understood that the scope of the present invention be not limited by the aforesaid embodiments and the following exam- 
i5 pies. 

Example 1 

[0038] A 20-mm wide and 650-jim thick sheet of an Fe-Ni-Co alloy comprising 29wt% Ni, I7wt% Co and the balance 
2: Fe was prepared for use as a core sheet, and 20-mm wide and thick pure Ni foils were prepared for use as Ni- 

based metal foils. The Ni-based metal foils 3A, 4A were superposed on opposite surfaces of the core sheet 2A, and the 
resulting stack was roll-pressed with a reduction ratio of 73% by the Ni-based metal foil press-bonding means 31 of the 
production apparatus shown in Fig. 2. Through this roll press operation, a laminate 10 of a 176-jim thick core layer and 
1 1-pm thick Ni-based metal layers press-bonded onto the opposite surfaces of the core layer was obtained. A plurality 
25 of such laminates 10 were prepared in this manner, and diffusion-annealed under various annealing conditions in the 
annealing oven 32. 

[0039] After the diffusion-annealing, the laminates 10 were subjected to a peel test for the Ni-based metal layers. In 
the peel test, a peel force per unit width (1mm) required for separation of the Ni-based metal layer from the core layer 
was measured. The bondability between the core layer and the Ni-based metal layer was evaluated on the basis of the 

5J. peel force. The results are shown in Table 1 . In table 1 , a symbol © denotes a case where the separation was impos- 
sible because the Ni-based metal layer and the core layer were completely alloyed in the junction interface therebe- 
tween; a symbol O denotes a case where a peel force of not smaller than 10kgf was required for the separation; a 
symbol a denotes a case where a peel force of not smaller than 5kgf and smaller than 10kgf was required for the sep- 
aration; and a symbol X denotes a case where a peel force of smaller than 5kgf was required for the separation. Lam- 

25 inates having a peel strength of not smaller than 5kgf are practicable. As can be understood from Table 1 , a satisfactory 
bondability was ensured when the annealing temperature was not lower than 800°C and the annealing period (during 
which the laminate was retained in the oven) was not shorter than two minutes or when the annealing temperature was 
not lower than 900°C and the annealing period was not shorter than one minute. 

40 

Table 1 



Annealing 


Annealing period (min) 


tempera- 
ture(°C) 
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1,000 


A 


O 


® 


© 


® 


® 
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[0040] Next, a laminate annealed at 800°C for two minutes and a laminate annealed at 900°C for one minute were 
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used for production of lid materials. A 20-mm wide and 80*um thick brazing material foil 5A of a Pb-Sn alloy comprising 
60wt% Sn and the balance Pb was superposed on one of the Ni-based metal layers of each laminate, and the resulting 
stack was roll-pressed with a reduction ratio of 40% by the brazing material foil press-bonding means 33. As a result, 
as shown in Fig.1. a lid material 1 was obtained which comprised the core layer 2 with its thickness reduced to about 
5 105 urn, the Ni-based metal layers 3,4 formed on the opposite surfaces of the core layer 2 with their thicknesses each 
reduced to about 7 urn on average, and a brazing material layer 5 formed on the Ni-based metal layer 3 and having an 
average thickness o1 about 48 urn. 

[0041] A test strip was cut out of the lid material 1, and its section was microscopically observed. The junction 
between the brazing material layer 5 and the Ni-based metal layer 3 was in a proper state. The Ni-based metal layer 3 

w was examined in the following manner. The brazing material layer 5 was removed from the test strip through a chemical 
treatment, and the surface of the Ni-based metal layer 3 was observed wholly at a 50X magnification and partially at a 
1 OOX magnification by an optical microscope so as to be checked for development of cracks. As a result, no micro-crack 
was observed on the Ni-based metal layer 3. Further, the thickness ratio of the Ni-based metal layer 3 was determined 
in the following manner. A section of the test strip was photographed at a 400X magnification via an optical microscope, 

is and the maximum thickness T1 and minimum thickness T2 of the Ni-based metal layer 3 were measured for determi- 
nation of the thickness ratio T1/T2 as shown in Fig. 3. As a result, the Ni-based metal layer 3 had a thickness ratio within 
a range between 2.0 and 3.0. 

Example 2 

20 

[0042] Lid materials 1 according to Example 2 had a basic construction as shown in Fig. 1. An Fe-Ni-Co alloy com- 
prising 29wt% Ni, 1 7wt% Co and the balance Fe was used as the material for a core layer, a pure Ni was used as a Ni- 
based metal, and a Pb-Sn-Ag alloy comprising 62wt% Sn, 2wt% Ag and the balance Pb and an Sn-Ag alloy comprising 
2wt% Ag and the balance Sn were each used as a soft brazing material. 

25 [0043] The lid materials 1 were each produced by the lid material production apparatus shown in Fig. 2. For the pro- 
duction of the lid material 1 by the production apparatus, a 20-mm wide and 1 , 300-u.m thick core sheet 2A, 20-mm wide 
and 200-um thick Ni-based metal foils 3 A. 4 A and a 20-mm wide and 100-u.m thick brazing material foil 5 A were used. 
[0044] The Ni-based metal foils 3A, 4A were superposed on opposite surfaces of the core sheet 2A, and the resulting 
stack was roll-pressed with a reduction ratio of 65% by the Ni-based metal foil press-bonding means 31. Through this 

3D roll press operation, a laminate 10 of a 450-um thick core layer and 70-um thick Ni-based metal layers press-bonded 
onto the opposite surfaces of the core layer was obtained. The laminate 1 0 was diffusion-annealed at 1 .000°C for three 
minutes. The brazing material foil 5A was superposed on the laminate 10 subjected to the diffusion-annealing, and the 
resulting stack was roll-pressed once with a reduction ratio based on the total thickness of the stack as shown in Table 

2 for press-bonding the brazing material foil 5A onto the Ni-based metal layer. 

25 [0045] Test strips were cut out of each of the lid materials 1 thus produced, and checked for the bondability between 
the Ni-based metal layer 3 and the brazing material layer 5 and for the development of micro-cracks in the Ni-based 
metal layer 3. Further, the surface of the brazing material layer 5 was visually inspected, and variations in the thickness 
of the Ni-based material layer 3 were measured for determination of the maximum-to-minimum thickness ratio T1/T2 of 
the Ni-based metal layer 3. 

40 [0046] For the check of the bondability, a 1 00-mm long test strip cut out of the lid material 1 was used. The test strip 
was bent 1 80° along a center line with its longitudinally opposite edges overlapped, and the bent portion of the test strip 
was held between fingers. Then, the test strip was restored to its initial state, and the bent portion was visually checked 
for separation of the brazing material layer 5. The check for the development of micro-cracks in the Ni-based metal layer 

3 and the determination of the thickness ratio of the Ni-based metal layer 3 were carried out in the same manner as in 
45 Example 1 . 

[0047] The results are shown in Table 2. For the rating of the bondability of the brazing material layer in Table 2. a 
symbol O denotes a case where the brazing material layer 5 was not raised nor separated from the Ni-based metal 
layer 3, and a symbol X denotes a case where the brazing material layer 5 was raised and separated from the Ni-based 
metal layer 3. For the rating of the surface state of the brazing material layer in Table 2, a symbol O denotes a case 
so where the surface of the brazing material layer 5 was not roughened, and a symbol X denotes a case where the brazing 
material layer 5 was roughened. The development of micro-cracks was observed in none of Samples No. 1 to No. 10 
and. hence, this is not shown in Table 2. It is noted that Samples No.1, No.2 and No.10 in Table 2 are comparative exam- 
pies. 

55 
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Table 2 
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Samples suffixed with • are comparative examples. 



[0048] As can be seen from Table 2, Samples No.l and No.2 which were produced with a reduction ratio of not higher 
than 25% suffered from a poor bondability between the Ni-based metal layer 3 and the brazing material layer 5, so that 
such lid materials would supposedly present a hermeticity problem. On the contrary, Samples No.3 to No. 1 0 which were 
produced with a reduction ratio of 30 to 70% exhibited a satisfactory bondability between the Ni-based metal layer 3 and 
the brazing material layer 5. However, Sample No. 10 which was produced with a reduction ratio of 70% had a rough 
surface on the brazing material layer 5 because the brazing material foil stuck on the surface of the press roll in the braz- 
ing material foil press-bonding step. 

[0049] The observation of the sections of the lid materials 1 indicated that, where the reduction ratio was in the range 
of 30 to 65%, the thickness ratio T1/T2 of the Ni-based metal layer 3 was 1 .4 to 15. Although there were thickness var- 
iations of the Ni-based metal layer 3, no micro-crack developed even in the minimum thickness portion of the Ni-based 
metal layer 3, and the brazing material layer 5 had a good surface state. In the case of Sample No. 10, the thickness 
ratio T1/T2 was 25, but no micro-crack developed in the Ni-based metal layer 3. This was supposedly because the Ni- 
based metal layer 3 had a relatively great average thickness. 

[0050] Next, cases 60 were prepared which each comprised a ceramic case body 54 and a fusion-bond promotion 
layer 56 having a W metallization layer, an Ni layer and an Au layer provided in this order on a peripheral upper surface 
of the case body 54 as shown in Fig. 4. The case had an exterior size of 1 5mm x 10mm x 10mm (length x width x height) 
with a housing space 52 having a size of 9mm x 4mm x 7mm (length x width x height). The lid materials 1 of Samples 
No.3 to No.9 were each cut into the same plan size as that of the case 60 for preparation of a lid 21. The lid 21 was 
placed on the case 60 with the brazing material layer 5 of the lid brought in contact with the peripheral upper surface of 
the case, and then the resulting assembly was heated at 31 0°C (Samples No.3, No.4, No.6, No.8 and No.9) or at 240°C 
(Samples No.5 and No. 7) in a helium gas atmosphere for fuse-bonding the lid 21 onto the case 60. 
[0051 ] Packages thus fabricated were placed in a vacuum vessel, which was in turn evacuated by an ion pump. Then, 
the exhaust gas was checked for the presence of helium gas at the ultimate vacuum pressure. As a result, no helium 
gas was detected. Thus, it was confirmed that these packages were excellent in hermeticity. 

[0052] The entire disclosure of Japanese Patent Application No. 11-218310 filed on August 2, 1999 including speci- 
fication, claims, drawings and summary are incorporated herein by reference in its entirety. 

Claims 

1 . A method of producing a lid material for a lid which is to be fuse-bonded to a peripheral upper surface of a case 
having an open top and a housing space for an electronic component, the method comprising the steps of: 

press-bonding a foil of a nickel-based metal mainly comprising nickel onto a core sheet for formation of a 
nickel-based metal layer on a core layer: 

diffusion-annealing the core layer and the nickel-based metal layer for diffusion-bonding the nickel-based metal 
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layer onto the core layer; and 

press-bonding a brazing material foil onto the nickel-based metal layer with a reduction ratio of 30 to 65% for 
formation of a brazing material layer on the nickel-based metal layer after the diffusion-annealing step. 

f 2. A method as set forth in claim 1 , wherein the core sheet is composed of an iron-nickel-based alloy mainly compris- 
ing iron and nickel in the nickel-based metal foil press-bonding step. 

3. A method as set forth in claim 2, wherein the diffusion-annealing step is performed at an annealing temperature of 
not lower than 800°C for an annealing period of not shorter than two minutes. 

w 

4. A method as set forth in claim 2, wherein the diffusion-annealing step is performed at an annealing temperature of 
not lower than 900°C for an annealing period of not shorter than one minute. 

5. A method as set forth in any preceding claim, wherein the brazing material foil is composed of a soft brazing mate- 
75 rial having a melting point of not higher than 450°C in the brazing material foil press-bonding step. 

6. A method as set forth in claim 5, wherein the soft brazing material is free from lead. 

7. A lid material for a lid which is to be fuse-bonded to a peripheral upper surface of a case having an open top and a 
20 housing space for an electronic component, the lid material (1) comprising: 

a core layer (2): 

a nickel-based metal layer (3) press- and diffusion-bonded onto the core layer (2) and composed of a nickel- 
based metal mainly comprising nickel; and 
25 a brazing material layer (5) press-bonded onto the nickel-based metal layer (3), 

wherein the nickel-based metal layer (3) has a maximum-to-minimum thickness ratio T1/T2 of 1.4 to 15. 

8. A lid material as set forth in claim 7, wherein the core layer (2) is composed of an iron-nickel -based alloy mainly 
comprising iron and nickel. 

30 

9. A lid material as set forth in claim 7 or claim 8, wherein the brazing material layer (5) is composed of a soft brazing 
material having a melting point of not higher than 450°C. 

10. A lid material as set forth in claim 9, wherein the soft brazing material is free from lead. 

35 

11. An electronic component package (51) comprising: 

a case (60) having an open top and a housing space (52) for an electronic component; and 
a lid (21) provided on the top of the case (60), 
40 the lid (21) comprising a core layer (2), a nickel-based metal layer (3) press- and diffusion-bonded onto the core 

layer (2) and composed of a nickel-based metal mainly comprising nickel, and a brazing material layer (5) 
press-bonded onto the nickel-based metal layer (3), the nickel-based metal layer (3) having a maximum-to- 
minimum thickness ratio T1/T2 of 1 .4 to 1 5, 

wherein the brazing material layer (5) of the lid (21) is fuse-bonded to a peripheral upper surface of the case 

45 (60). 

1 2. An electronic component package as set forth in claim 1 1 , wherein the core layer (2) is composed of an iron-nickel- 
based alloy mainly comprising iron and nickel. 

so 1 3. An electronic component package as set forth in claim 1 1 or claim 12, wherein the brazing material layer (5) is com- 
posed of a soft brazing material having a melting point of not higher than 450°C. 

14. An electronic component package as set forth in claim 13, wherein the soft brazing material is free from lead. 

55 
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FIG. 2 
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FIG. 3 
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